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© Simultaneous Immunoassay for the determination of antigens and antibodies. 



© An immunochemical assay to determine the presence or concentration of antigen or antibodies in a fluid, 
comprising: (a) forming a ternary complex of a first labelled antibody or antigen, a second labelled antibody or 
antigen, and the antigen or antibody to the determined; and (b) detecting a signal produced in the presence of at 
least one substrate, by an interaction between said first label and said second label, enhanced by their proximity 
to each other bound to the antigenic substance. 
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SIMULTANEOUS IMMUNOASSAY FOR THE DETERMINATION OF ANTIGENS AND ANTIBODIES 



Antigen-antibody reactions are part of the naturally occurring immune response of man and other 
animals upon exposure to foreign substances. Antibodies are derived from a class of proteins found in 
blood serum referred to as immunoglobulins. The presence of antigenic substance in the host organism 

5 results in the synthesis of immunoglobulin capable of binding to the antigen to form an antibody-antigen 
complex. The binding is characterized by a high degree of specificity and a high association constant 
between the antibody and antigen. The region of the antigen which participates in binding is called the 
epitope, and the region of the immunoglobulin participating in binding is called paratope. The high degree 
of specificity and affinity between antibodies and antigens has permitted the development of highly 

io sensitive and specific methods of determining the presence and/or concentration of these substances. The 
methods are significant in the diagnosis of disease. Detection of antigens or antibodies to antigenic 
substances depends on the ability to distinguish between antibody-antigen complexes and the free forms of 
either antigen or antibody. 

There are a number of prior art techniques for detection of antigens and antibodies. These methods 

re include agglutination reactions with ceils to form an insoluble particulate of latex or silica, gel diffusion, 
complement fixation, Immunoelectrophoresis, Western blotting, fluorescent antibody techniques, radioim- 
munoassay, sandwich enzyme-linked immunoabsorbent assays and enzyme modulation immunoassays. 

Immunochemical tests have important application for detecting the human immune deficiency virus 
(HIV) associated with the disease acquired immune deficiency syndrome (AIDS). The usefulness of 

20 determining the presence of the HIV in blood or blood products is evidenced by resulting reduction in the 
number of persons contracting the disorder AIDS by receiving HIV in contaminated blood or blood products. 
Methods for the detection of antibodies to HIV and antigens produced by HIV have been described in the 
literature*. (See, e.g., Groopman et al., Serological Characterization of HTLV-III Infection in AIDS and Related 
Disorders. "153 J. of Infectious Diseases 736 (1986); Allen, "A New HTLV-ill/LAV Encoded Antigen 

25 Detected by Antibodies from AIDS Patients," 230 Science 810 (1985); Sarngadharan et ah, "Antibodies 
Reactive with Human T-Lymphcphilic Retrovirus (HTLV-III) in the Serum of Patients with AIDS and at Risk 
for AIDS," 224 Science 506 (1984); Gallo et al., "Frequent Detection and Isolation of Cyclopathic Retrovirus 
(HTLV-III) from Patients with AIDS and at Risk for AIDS," 224 Science 500 (1984). 

One test currently employed for the detection of HIV is based on a technique called ELISA (enzyme- 

30 linked immunoabsorbent assay). According to this method, viral proteins from disrupted viral particles are 
coated on a plastic surface. The protein is exposed to a patient's serum and allowed to incubate, if the 
patient's serum contains antibodies to these proteins, they wiii bind to the viral proteins on the plastic 
surface. Unbound antibodies are removed by washing. Anti-human antibodies labelled with an enzyme 
(signal amplifier) are then incubated with the washed plastic surface. The enzyme-labelled antibodies will 

35 bind to any HIV antibodies retained on the HIV-coated plastic surface. Then a second wash is performed to 
remove any unbound anti-human antibodies. A substrate is added, which is converted by the enzyme label 
to a colored product indicating the presence of HIV antibodies in the sample. Although the method has 
good sensitivity and specificity, any positive specimen must be confirmed by Western blotting. This HIV 
test method requires expensive equipment, employs a time-consuming protocol and requires highly skilled 

40 personnel to perform the procedure. The technique is not easily performed by physicians in their offices, 
but requires the collection of a specimen for testing to be performed in a laboratory. Shipping of the 
specimen may lead to loss, damage or deterioration of the specimen prior to completion of the testing. 

The presence of detectable antigen and antibodies to HIV during the course of the AIDS infection is not 
predictable with certainty and varies among patients. Generally, HIV antigen can be detected throughout the 

as course of the Infection, although there have been exceptional cases where neither antigen nor antibodies 
has appeared until 14 months after infection. IgM antibodies to HIV can usually be detected 2-3 weeks 
following exposure, and IgG antibodies appear detectably by the 12th week. Current FDA-approved AIDS 
tests detect only IgG antibodies, which means that there is a period during which infected blood may slip 
through screening procedures. Like ELISA, the present invention offers the advantage of being able to 

so detect both IgM and IgG antibodies to HIV. In addition, IgA and IgE antibodies to HIV can also be detected. 
Thus, the period during which antibodies to HIV cannot be detected in blood specimens is considerably 
reduced by employing the immunoassay of the present invention. 

Therefore, the object of the present invention is to provide an immunochemical assay for the 
determination of the presence or concentration of antigen or antibody in a fluid sample that is highly 
sensitive and specific, easily performed at low cost without the necessity of highly trained personnel or 
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expensive laboratory equipment and which can be used/for example, for the detection of the AIDS virus. 

The principal of operation of the immunochemicai assays according to the present invention is the 
production of a detectable signal when two differently labelled antibodies are bound to the same antigen, or 
two differently labelled antigens are bound to the same antibody. This technique can be employed for 
determining the presence or amount of either antigen or antibody in very small concentrations. 

The assays according to the invention are collectively referred to as Simultaneous ImmunoAssay, 
abbreviated SIA. The invention may be described with reference to the following diagram: 

substrate signal substrate signal 

Li L2 L l L 2 

Ag Ag Ab Ab 

Ab Ag 

where Ab symbolizes antibody; 

Ag symbolizes antigen; 

Ab-Li symbolizes antibody conjugated to label 1; 
Ab-L 2 symbolizes antibody conjugated to label 2; 
Ag-L! symbolizes antigen conjugated to label 1; and 
Ag-I*2 symbolizes antigen conjugated to label 2; 



The immunochemical assay may be used for detecting the presence or concentration of an antigenic 
substance in a fluid, by (1) forming a ternary complex of an antibody or antibody fragment conjugated to a 
first label (Ab-Li), a second antibody or antibody fragment conjugated to a second label (Ab-U). and the 
antigenic substance in the fluid (Ag); and (2) detecting a signal produced in the presence of at least one 
substrate by the interaction of the first and second labels, enhanced by their proximity to each other bound 
to antigenic substance. The immunochemical assay may be used for detecting the presence or concentra- 
tion of an antibody in a fluid, by (1) forming a ternary complex of an antigenic substance conjugated to a 
first label (Ag-Lt). a second antigenic substance conjugated to a second label (Ag-U). and the antibody in 
the fluid (Ab); and (2) detecting a signal produced in the presence of at least one substate by the interaction 
of the first and second labels, enhanced by their proximity to each other bound to the antibody. 

The immunochemical assay may also be used in a competition reaction mode for detecting the 
presence or concentration of an antigenic substance in a fluid, by (1) forming, in the presence of the 
antigenic substance to be determined, a ternary complex of the antigenic substance conjugated to a first 
label, the antigenic substance conjugated to a second label, and an antibody to the antigenic substance; 
and (2) detecting a signal produced in the presence of at least one substrate by the interaction between 
said first label and said second label enhanced by their proximity to each other bound to the antibody. The 
immunochemical assay may also be used in a competition reaction mode for detecting the presence of at 
least one substrate by the interaction between said first label and said second label enhanced by their 
proximity to each other bound to the antibody. The immunochemical assay may aiso be used in a 
competition reaction mode for detecting the presence or concentration of an antibody in a fluid, by (1) 
forming, in the presence of the antibody to be determined, a ternary complex of the antibody conjugated to 
a first label, the antibody conjugated to a second label, and an antigenic substance; and (2) detecting a 
signal produced in the presence of at least one substrate by the interaction between said first label and said 
second label enhanced by their proximity to each other bound to the antigenic substance. 

In the non-competitive immunochemical assay for an antigenic substance, antibody conjugated with the 
first label (Ab-Li) binds to antigen, and antibody conjugated with the second label (Ab-U) binds to the same 
antigen to form a ternary antigen-antibody complex. The interaction between the first label and the second 
label produces a detectable signal. This signal is generated by the action of the first label on a first 
substrate, followed by the action of the second label on a second substrate, which was produced in the first 
reaction. The interaction of the first and second labels conjugated to unbound antibodies in free solution is 
such that the detectable signal caused by such interaction is minimal; any substrate produced by the 
unbound first label may be scavenged from solution to prevent its reaction with the second label. The 
production of the signal is dependent upon the labels acting in concert, which is greatly enhanced by the 
presence of antigen, which brings the antibody-conjugated labels in proximity to each other when the 
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ternary complex forms. The intensity of the signal generated is directly proportional to the amount of 
antigen present in the specimen. The non-competitive immunochemical assay for antibody functions in a 
similar manner, except that the signal is produced when antigen conjugated to a first label and antigen 
conjugated to a different second label bind to the same antibody. 

s The competitive immunochemical assays according to the present invention operate on the same 
principle (proximity of bound labels) as the non-competitive assays, except that the labels are conjugated to 
the substance that is to be determined in the sample. Accordingly, if there is antigen or antibody present, it 
competes with labelled antigen or antibody for binding sites, and the signal is less because the number of * 
pairs of labels bound in proximity to each other is decreased in proportion to the amount of antigen or 

10 antibody present in the sample. 

In one embodiment of the immunochemical assay according to the present invention, at least one of the 
labels is an enzyme that catalyzes a reaction of a substrate, the progress of which can be measured to give 
the signal. In a preferred embodiment of the invention, the first and second labels are each enzymes that 
catalyze sequential reactions, the progress of at least one of which can be measured to give a signal. In this 

75 preferred embodiment, the signal may be detected in a variety of ways. First, the appearance of the product 
of the second enzyme label acting on the second substrate may be measured. Second, the disappearance 
of the first substrate caused by the sequential action of the first and second enzyme labels may be 
measured. Third, if the enzyme labels are chosen such that the second label regenerates the first substrate, 
then the overall rate of the sequential reactions may be measured, constituting the signal. The progress of 

20 the enzyme reactions may be measured by endpoint detection after the reaction has been quenched, or 
preferably by a kinetic method in which the accumulation of reaction products is measured over time. The 
appearance or disappearance of enzyme reaction products may be measured directly, or in the alternative, 
the product or progress of subsequent reactions of these products, may be measured. 

Possible pairs of enzyme labels for conjugation to antigen or antibody in the immunochemical assays 

25 according to the invention include glucoseoxidase and horseradish peroxidase; horseradish peroxidase and 
luminol; and phosphoenol pyruvate kinase and luciferase. 

Glucose oxidase catalyzes the reaction between glucose and molecular oxygen, producing hydrogen 
peroxide. Peroxidase catalyzes the oxidation of a variety of chromogenic substrates in the presence of 
hydrogen peroxide. The activity of glucose oxidase provides hydrogen peroxide as a substrate for the 

oo peroxidase-catalyzed oxidation of substrate, such as orthophenylenediamine. The rate of the peroxidase* 
catalyzed oxidation is significantly greater for those reactions catalyzed by peroxidase conjugated to an 
antigen bound to an antibody which also binds the glucose oxidase-conjugated antigen. The proximity of 
glucose oxidase and peroxidase in the antibody-(enzyme-labelled antigen) complex enhances the rate of 
the sequential catalytic reactions over that which occurs in free solution because hydrogen peroxide is 

35 made readily available to peroxidase. The extent of the peroxidase-cataiyzed oxidation can be measured by 
observing a color change in the chromogenic substrate. The presence of a scavenger for hydrogen 
peroxide, such as catalase, decreases the background caused by the action of peroxidase conjugated to 
unbound antigen or antibody on hydrogen peroxide in free solution. 

Peroxidase breaks down hydrogen peroxide to oxygen and water. Luminol produces light in the 

40 presence of oxygen. Therefore, peroxidase and luminol can be paired as enzyme labels. Upon addition of 
hydrogen peroxide to a sample containing antibodies or antigen, light is produced, the Intensity of which 
can be measured with a photodiode. When peroxidase-iabeiled antigen and luminoMabelled antigen are 
bound to the same antibody, the intensity of emitted light increases because oxygen is made readily 
available to luminol. 

45 Phosphophenol pyruvate kinase (Ei) and luciferase (E2) catalyze the following coupled reactions: 
phosphophenol pyruvate + ADP ^! pyruvate + ATP 
luciferin + ATP 

E 2 

£0 + o 2 light + co 2 + amp 

+ oxyluciferin 



The light produced by the luciferase-catalyzed reaction is greatly enhanced by the proximity of the pyruvate 
kinase and luciferase conjugates bound to the same antibody or antigen. The light may be measured with a 
scintillation counter. 

In addition to enzyme conjugates, other types of labels may be used in the immunochemical assays of 
the present invention. For example, luminol and fluorescein may be paired as labels, in which case there is 
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a chemiluminescent signal. When lurninol-labelled antibody or antigen binds in proximity to fluorescein- 
labelled antibody or antigen, there is shift in the wavelength of light emitted, which can be with a 
luminometer. 

Suitable antigen for conjugation with label must be of maximum purity and specificity. Inactivated 
s antigen may be used, and it may be oxidized with chloramine T or periodate before conjugation. 
Unconjugated label and antigen can be separated from the labelled antigen by gel filtration chromatography 
or dialysis, depending on the molecular weight of the label. The label must also be of maximum purity; if 
enzymes are employed as labels, they must be of the maximum purity and specificity reasonably 
obtainable. The conjugation of antibody or antigen with label is made using techniques known in the prior 
io art. In the case of enzyme conjugates, see Methods in Enzymology , Vol. 37, p. 133 (1975). In the case of 
fluorescent conjugates, see N.B. Cherry et al., Staining/Technologies 44, 179 (1962). 

Suitable antibodies for conjugation with label are capable of reaction with the same antigen and be 
affinity purified. The antibodies may be monoclonal antibodies specific for different epitopes on the same 
antigenic substance. The antibodies may also be Fab and Fab2 antibody fragments produced by the 
is digestion of the antibody with papain or pepsin, respectively. 

The immunochemical assays according to the invention may be employed for both qualitative and 
quantitative determination of antibody or antigen because the strength of the signal produced is proportional 
to the amount of antigen or antibody present in the sample of fluid. Concentration may be determined by 
comparing the signal measured for the sample of antigen or antibody to the signals produced by a series of 

20 known concentrations of the antigen or antibody. 

The present invention can be more thoroughly understood with reference to the following non-limiting 

examples. 

25 EXAMPLE I 

Reaction of Enzyme-Labelled HIV With HJV Antibodies 

30 

HIV antigen prepared from H-9 lysate and inactivated at a concentration of 1 mg/ml (Cytotek) was 
reacted with chloramine-T (2 mg/ml) at 2-4* C for 2 hours on ice. The unreacted chloramine T was removed 
by centrifugation at 700 times gravity for 10 minutes using a CENTRICON 10® microconcentrator device 
35 (Amicon, mfr.). The retained portion containing the oxidized HIV antigen was washed twice with ice cold 
phosphate buffered saline (PBS) using the same device. 

The oxidized HIV antigen was readjusted to original volume and reacted with 100 equivalents of biotin 
hydrazide based on a molecular weight of 40,000 for HIV antigen overnight (16 hours) at 2-4* C. Removal of 
unreacted biotin hydrazide and low molecular weight products was accomplished by centrifugal separation 
40 as described above. Biotinylation was determined by serial microtiter assays using avidin peroxidase 
conjugate at 1 :6000 dilution incubated for 30 minutes with orthophenylene diamine substrate. 

The bltinylated HIV antigen was divided into two equal quantities, and a molar equivalent amount of 
avidin-conjugated glucose oxidase was added to one half and a molar equivalent of avidin-conjugated 
horseradish peroxidase was added to the remaining half of the biotinylated HIV antigen. The solutions were 
45 allowed to equilibrate overnight at 2-4* C. Excess unlabeled avidin was added to block any available biotin 
remaining unbound to avidin. The final concentration of the labelledantigen preparations was 1 ng/ul. 

HIV positive specimens determined by an FDA-approved EUSA test procedure (ABBOTT) and con- 
firmed by Western blotting, and a specimen determined to be negative by the EUSA test were tested using 
the reagents described above. Results were determined by simple color comparison using reagent blanks 
50 as controls. 

A substrate solution was prepared using 100 mM glucose and orthophenylene diamine (1 mg/ml) in 50 
mM citrate-phosphate buffer (pH 5.3). 

To determine the optimal volume and concentration for reactivity of the reagents, a weakly reactive 
specimen (1:10 by ABBOTT) and a strongly reactive specimen (1:5000. by ABBOTT) were diluted to 1/10 
55 and 1/20 of the original concentration. Varying volumes of the diluted specimen were placed in microtiter 
plates, and 1 ul of each enzyme-labelled antigen preparation was added to each plate. 

The serum dilutions were incubated with the labelled antigen preparations for 5 minutes at 37* C. 
followed by addition of 100 ul of the substrate solution and incubation at room temperature (25 Ct?'C) 
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for 5 minutes. The two sets of blank microtiter plates were prepared with volumes of PBS (pH 7.4) equal to 
the volumes of the serial dilutions employed. To the first set of blank plates (row G) t one microliter of each 
enzyme-antigen conjugate was added, incubated for 5 minutes at 37° C, followed by an addition of 100 ul 
of substrate solution and incubation for 5 minutes at room temperature (25. ± 2*C). No enzyme-antigen 
conjugate solution was added to the second set of blank solutions (row H); instead they were merely 
incubated with 100 ul of substrate solution. Prior to substrate addition, 100 ui of .1% TWEEN 20 .1% 
crystalline bovine serum albumin 4% polyethylene glycol (M.W. 3500) in PBS (pH 7.4) was added to each 
specimen and blank plate. The reaction was stopped by addition of 50 ul of 2N H2SO4. The results are 
shown in Table I. 



TABLE I 



Specimen 
Volume 

SR (NEAT) A 

WR (NEAT) B 

SR 1/10 C 

WR 1/10 D 

SR 1/20 E 

WR. 1/20 F 

Control 1 

Control 2 



• 5/xl l.Ojil 1.5/xl 2.0M1 3.0/il 4 . 0/xl 5.0/il 





Nea. 


Pos. 


Pos. 


Pos. 


Pos. 


Pos. 


Keq. 




Nea. 


Nea. 


Pos. 


Pos. 


Pos. 


Neq. 


Nea. 


Neq. 


Neq. 


P05. 


pos. 


Pos. 


Nea. 


Nea. 


Nea. 


N<?qt 


.Neq r 


P9?M 


Po«s t 


Nea. 


Neq, 


N*q, 


Neq t 


Neq. 


Nea. 


Pos . 




Neq. 


Nea. 


Nea. 


Nea. 


Neq. 


Neq. 


Nea. 


Nea. 


Nea. 


Nea. 


Nea. 


Nea. 


Nea. 


Neq. 


Neq. 


Nea. 


Neq- 


Nea. 


Neq. 


Neq. 



1/*1 of each glucose oxidase- and peroxidase- 
labelled HIV antigen solution (1 ng//il) was added 
to each plate. The reaction was stopped 
5 minutes after substrate addition with 50 Ml 2N 
H 2 S0 4 . 

SR * strongly reactive by ELISA 
WR = weakly reactive by ELISA 

Neg. » amount of color change less than or equal 
to that observed for Control 1- 

Pos, = amount of color change greater than that 
observed for Control 1 

Control 1 = PBS (pH 7.4) + enzyme-antigen 
conjugates + substrate solution 

Control 2 = PBS (pH 7.4) + substrate* solution 

Note: The strongly reactive specimens showed a 
markedly greater color change than did the weakly 
reactive specimens. 
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The above-described procedure was repeated with a second set of microtiter plates. This time 0.25 
units of beef liver catalase (65,000 units/mg based on H2O2 substrate Boeringer, Mannheim) was added to 
each plate before addition of the substrate solution in order to scavenge hydrogen peroxide from the 
solution. The color change observed for the blank solutions, representing background, was thereby reduced. 
5 The results are shown in Table II. 



TABLE II 



JO 

Specimen 
Volume 

SR (NEAT) A 

75 

WR (NEAT) B 
NR (NEAT) C 
20 SR 1/10 D 
WR 1/10 E 
NR 1/10 F 
Control 1 
Control 2 



0.5/il l.OMl 1.5M1 2.0^1 3 . Ojil 4.0/il 5.0^1 



25 



1 


2 


3 


4 


5 


6 


7 


Neq, 


Nea. 


POfy. 


Pos. 


Pos. 


Pos. 


Pos. 


Neq. 


N«?q , 


N<?qT 


Nea. 


Pos. 


Pos . 


Pos- 


Nea. 


Nea. 


Nea. 


Nea. 


Nea. 


Nea. 


Nea. 


Nea. 


N<?q. 


Nea. 


Neq. 


Pos. 


Pos. 


Pos . 


Nea. 


Neq. 


Neq. 


Nea. 


Neq. 


Pos. 


Pos t 


Feq. 


N?q< 


Nea. 


Neq. 


Nea. 


Nea. 


Nea. 


Nea. 


Nea. 


Nea. 


Nea. 


Nea. 


Nea. 


Nea. 


Nea. 


Nea. 


Nea. 


Nea. 


. Neq T 


Nea. 


Nea. 



30 



lyl of each glucose oxidase- and peroxidase- 
labelled HIV antigen solution (1 ng/ug) were added 
. to each plate. The reaction was stopped 5 minutes 
after substrate addition with 50 m! 2N H 2 S0 4 . 
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EXAMPLE II 

40 



Reaction of Enzyme-labelled Antibodies to HIV Antigen 



Goat antibodies to HIV (polyclonal IgG) were enzymatically treated on immobilized papain to provide 
monovalent Fab fragments. 

The 'Fab fragments were adjusted to a concentration of 1ng/m protein concentration and biotinylated 
using NHS-biotin for 1 hour at 25* C with stirring. Unreacted NHS-biotin was removed using a CENTRICON- 
10® separation device at 700 times gravity for 10 minutes. The biotinylated antibody fragments were 
washed three times with PBS (pH 7.4). All reagents were azide free. The use of excess NHS-biotin was 
avoided to prevent inactivation of the antigen binding capacity of the Fab fragments. Biotin conjugation was 
determined by serial dilutions in a microtiter assay using avidin peroxidase at 1:6000 dilution incubated for 
30 minutes with orthophenylenediamine substrate. 

The Fab-biotin conjugate was brought to a concentration of 1 ng/u1. Half of this solution was reacted 
with an equimolar amount of avidin-glucose oxidase conjugate and the other half was reacted with avidin- 
peroxidase conjugate. Excess unconjugated avidin was added to each reaction mixture to block any 
unbound biotin. Calculations of equivalence were based on Fab M.W. of 80,000. 

HIV antigen, disrupted and inactivated (Cytotek), was serially diluted with a solution of PBS (pH 7.4) + 
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0.1% TWEEN 20 + 0.1% crystalline bovine serum albumin to obtain six dilutions ranging in concentration 
from 1 ug/ml to 10 pg/ml. 100 ul of each serial dilution was added to 40 microtiter plates. A 5 ng/ml 
solution of each of the enzyme-labelled Fab fragments was diluted to obtain 0.5, 1, 2, 3, 4, and 5 ng/m 
solutions. One ul of each of these antibody fragment -solutions was added to each serial dilution of HIV 
antigen and incubated for 5 minutes at 27* C. Then 200 ul of orthophony ienediamine substrate was added 
to each plate and incubated for 5 minutes at 25* C ± 2* C. The reaction was stopped by the addition of 50 
Ul of 2N H2SO4. In addition, 0.25 units of beef liver catalase (65,000 units/mg based on H2O2 substrate 
Boeringer, Mannheim) was added to each plate as a hydrogen peroxide scavenger. The results are 
recorded in Table III. 

TABLE III 



75 



20 



25 



30 



[Ag]g/rol 
[Ab-L] 

5 ng/Ml 

4 ng/Ml 

3 ng/Ml 

2 ng/Ml 

1 ng/Ml 

0.5 ng/Ml 

Control 1 

Control 2 



io" 6 lo" 7 icT 8 lo" 9 icT 10 icT 11 



1 


2 


3 


4 


5 


6 


Nea. 


Pos. 


Pos. 


Pos. 


Pos. 


Pos. 


Nea. 


Pos. 


Pos. 


Pos. 


Pos. 


Pos. 




Neq. 


Pos T , 


Pos. 


Pos. 


Pos. 


Nea. 


Nea. 


Pos. 


Pos. 


Pos. 


JlfWL 


Nea. 


Nea. 


Pos. 


Pos. 


Pos. 


Neq. 


Nea. 


Nea. 


Neq. 


Pos. 


Nea. 


Nea. 


Nea. 




Nea. 


Nea. 


Nea. 


Nea. 


Nea. 


Nea. 


Nea. 


Nea. 


Nea. 


Nea. 
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Determination of Thyroxine Concentration in Blood Serum 



45 



50 



55 



Thyroxine is a hapenlysable molecule. The presence of thyroxine in serum samples was determined by 
using thyroxine-free serum spiked with known quantities of thyroxine over the range of 1-10 nmoles/ml. In 
this experiment thyroxine in the serum samples competes with enzyme-labelled thyroxine added to the 
serum for binding sites on anti-thyroxine antibodies. The rate of the sequential reactions catalyzed by the 
two enzyme labels is directly related to the number of antibodies binding to each of the two enzyme- 
labelled antigens and therefore inversely related to the amount of unlabeiled thyroxine in the serum 
samples. 

Thyroxine was conjugated to phosphenol pyruvate kinase using SPDP (N-succinimidyl-3-<2-pyrroryl- 
dithio) propionate). Bound and unbound materials were separated by gel filtration chromatography: 
Luciferase was conjugated to thyroxine using a similar procedure. 

The substrate concentrations used for assay of the coupled reaction between pyruvate kinase and 
luciferase were those described in Bergmeyer, Methods of Enzymatic Analysis , Academic Press, New York 
(1974). The amount of light emitted in each reaction was measured using a scintillation counter with the 
coincidence device disconnected. Counts were taken for 30 seconds following the injection of the substrate 
solution and mixing. 

The amount of thyroxine present in the serum samples was determined by incubating the serum with 
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7.5 nmole equivalents of pyruvate kinase-labelled thyroxine and 7.5 nmole equivalents of luciferase-labelled 
thyroxine for 20 minutes at room temperature in the presence of rabbit antibodies to thyroxine. Substrate 
was then added and the light-emitting reaction was read as described above. The thyroxine found in spiked 
samples was found to have an inverse relationship to the amount of light counted on the scintillation 
5 counter. When the results found by the above-described luminescent procedure compared to the results of 
the standard radioimmunoassay procedure, a correlation ratio of 96% was found between the values 
obtained. 



70 EXAMPLE IV 



Detection of Antibodies 

75 

Goat antirabbit antibodies (Sigma) were labelled with pyruvate kinase (Sigma: rabbit muscle) and with 
luciferase (LKB) in separate reactions using the SPDP method. The substrate solution employed in the 
assay was that described by Bergmeyer, supra . Normal rabbit, human, and mouse serum were obtained 
20 from Pel Freeze. 

Scintillation vials were filled with 50 ul of serum, diluted with PBS (pH 7.4) to concentrations ranging 
from 1:100 to 1:1,000,000 (v/v). The goat and rabbit enzyme-antibody conjugates were diluted 1:5000. and 
25 ul was added to each vial and equilibrated for 30 minutes at 37 # C with the caps tightly sealed. The 
substrate buffer solution was concentrated such that final concentrations in the reaction mixture would be 

25 optimal. 50 ul of the substrate solution was injection into each viai and mixed. Each vial was counted for 30 
minutes in a scintillation counter. 

Both the rabbit and goat serum dilutions ranging from 1:100 to 1:1000 produced significant reaction. 
Only the rabbit serum which was diluted more than 1:1000 gave a signal greater than the blank consisting 
of substrate and conjugate only. The optimum rabbit serum dilution was at 1:500,000 dilution. 

30 The above-described examples illustrate, but do not limit the present invention. It will be appreciated by 
those skilled in the art that many variations in the above-described procedures and materials are possible 
within the scope of the appended claims. 

as Claims 

1. An immunochemical assay to determine the presence or concentration of an antigenic substance in a 
fluid, comprising: 

(a) forming a ternary complex of an antibody or antibody fragment conjugated to a first label, a 
40 second antibody or antibody fragment conjugated to a second label, and said antigenic substance; and 

(b) detecting a signal produced in the presence of at least one substrate, by an Interaction between 
said first label and said second label enhanced by their proximity to each other bound to said antigenic 
substance. 

45 2. An immunochemical assay to determine the presence or concentration of an antibody in a fluid, 
comprising: 

(a) forming a ternary complex of an antigenic substance conjugated to a first label, a second 
antigenetic substance conjugated to a second label, and said antibody; and 

(b) detecting a signal produced in the presence of at least one substrate, by the interaction between 
so said first label and said second label enhanced by their proximity to each other bound to said antibody. 

3. The immunochemical assay according to claim 1, wherein the antibody conjugated to the first label is 
a monoclonal antibody specific for a first epitope on the antigenic substance, and the antibody conjugated 
to the second label is a monoclonal antibody specific for a second epitope on the antigenic substance. 
55 4. The immunochemical assay according to claim 1 . wherein the antibody fragment is a monovalent 
fragment (Fab) produced by digestion of the antibody with papain. 

5. The immunochemical assay according to claim 1, wherein the antibody fragment is a bivalent 
fragment (Fate) produced by digestion of the antibody with pepsin. 
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6. An immunochemical assay to determine the presence or concentration of an antigenic substance in a 
fluid, comprising: 

(a) in the presence of the antigenic substance to be determined, forming a ternary complex of the 
antigenic substance conjugated to a first label, the antigenic substance conjugated to a second label, and 

5 an antibody to said antigenic substance; and 

(b) detecting a signal produced in the presence of at least one substrate, by the interaction between 
said first label and said second label enhanced by their proximity to each other bound to said antibody. 

7. An immunoassay to determine the presence or concentration of antibody in fluid, comprising: 

io (a) in the presence of the antibody to be determined, forming a ternary complex of the antibody 

conjugated to a first label, the antibody conjugated to a second label, and an antigenic substance; and 

(b) detecting a signal produced in the presence of at least one substrate, by the interaction between 
said first label and said second label enhanced by their proximity to each other bound to said antigenic 
substance. ' , 

15 

8. The immunochemical assay according to claim 1 , 2, 6 or 7, wherein said first label and said second 
label are each enzymes, and said signal is produced by the sequential action of said first enzyme label on 
or in the presence of a first substrate, and said second enzyme label on or in the presence of a second 
substrate, said second substrate being a product of the action of said first enzyme label on said first 

20 substrate. 

9. The immunological assay according to claim 8, wherein said signal is an increased rate of 
appearance of said second substrate. 

10. The immunological assay according to claim 8, wherein said signal is an increased rate of 
disappearance of said first substrate. 

25 11. The immunological assay according to claim 8, wherein said signal is an increased rate of a set of 
cyclic reactions, in which said first substrate is regenerated by the action of said second enzyme label on or 
in the presence of said second substrate. 

12. The immunochemical assay according to claim 9, wherein the first enzyme label is glucose oxidase, 
the second enzyme label is horseradish peroxidase, the first substrate is glucose, the second substrate is 

30 hydrogen peroxide, and the signal is a color change in the presence of orthophenylenediamine. 

13. The immunochemical assay according to claim 9, wherein the first enzyme label is horseradish 
peroxidase, the second enzyme label is luminol, the first substrate is hydrogen peroxide, the second 
substrate is oxygen, and the signal is light. 

14. The immunochemical assay according to claim 9, wherein the first enzyme label is phosphenol 
35 pyruvate kinase, the second enzyme label is luciferase, the first substrate is phophenoi pyruvate, and the 

signal is light. 

15. A process for determining the presence or concentration of antibody to an antigenic substance in a 
fluid, comprising the steps of: 

(a) contacting the fluid with a solution of the antigenic substance, said solution containing the 
40 antigenic substance conjugated to a first enzyme label and the antigenic substance conjugated to a second 

enzyme label, in order to form a ternary complex of an antibody in the sample, said first enzyme-labelled 
antigen and said second enzyme-labelled antigen; 

(b) contacting the ternary complex solution with a substrate for said first enzyme label, in order to 
form a reaction product of said first enzyme label and said substrate; 

45 (c) measuring a signal produced by the reaction of said second enzyme label in the presence of the 

reaction product formed in step (b); 

(d) (i) relating the signal measured in step (c) to the signal measured for a control sample prepared 

according to steps (a) - (c), said control sample being free of antibody to said antigenic substance, in order 

to determine the presence of antibodies in said fluid sample; or 
so (ii) relating the signal measured in step (c) to the signal measured for samples containing known amounts of 

the antibody prepared according to steps (a) - (c), in order to determine the concentration of said antibodies 

in said fluid. 

16. A process for determining the presence or concentration of an antigenic substance in a fluid, 
55 comprising the steps of: 
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(a) contacting the fluid with a solution of antibodies to the antigenic substance, said solutions 
containing antibodies conjugated to a first enzyme label and antibodies conjugated to a second enzyme 
label, in order to form a ternary complex of an antigenic substance in the fluid, said first enzyme-labelled 
antibody and said second enzyme-labelled antibody; 

(b) contacting the ternary complex solution with a substrate for said first enzyme label, in order to 
form a reaction product of said first enzyme label and said substrate; 

(c) measuring a signal produced by the reaction of said second enzyme label in the presence of the 
reaction product formed in step (b); 

(d) (i) relating the signal measured in step (c) to the signal measured for a control sample prepared 
according to steps (a) - (c), said control sample being free of said antigenic substance, in order to 
determine the presence of said antigenic substance in said fluid; or 

(ii) relating the signal measured in step (c) to the signal measured for samples containing known amounts of 
said antigenic substance prepared according to steps (a) - (c), in order to determine the concentration of 
the antigenic substance in said fluid. 

17. The process according to claim 15, wherein the antibodies in the fluid are antibodies to the humane 
immune deficiency virus, 

18. The process according to claim 16, wherein the antigen in the fluid is human immune deficiency 
virus. 

19. A process for determining the presence or concentration of an antigenic substance in a fluid, 
comprising the steps of: 

(a) contacting the fluid with a solution containing the antigenic substance, said solution containing the 
antigenic substance conjugated to a first enzyme label, the antigenic substance conjugated to a second 
enzyme label, and antibodies to said antigenic substance, in order to form a ternary complex in which the 
antigenic substance in the sample competes with enzyme labelled antigen for binding sites on the antibody; 

(b) contacting the ternary complex solution with a substrate for said first enzyme label, in order to 
form a reaction product of said first enzyme label and said first substrate; 

(c) measuring a signal produced by the production of said first second enzyme label in the presence 
' of the reaction product formed in step (b); 

(d) (i) relating the signal measured in step (c) to the signal measured for a control sample prepared 
according to steps (a) - (c), said control sample being free of said antigenic substance, in order to 
determine the presence of the antigenic substance in said fluid; or 

(ii) relating the signal measured in step (c) to the signal measured for samples containing known amounts of 
said antigenic substance prepared according to steps (a) - (c), in order to determine the concentration of 
the antigenic substance in said fluid. 

20. A process according to claim 19, wherein the antigenic substance in the fluid is thyroxine. 
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